Bacterial cell wall synthesis is readily inhibited by penicillin and cycloserine (Strominger, 1962) , and these agents have been used to prepare osmotically sensitive forms. In contrast, antifungal antibiotics are not known to inhibit wall synthesis specifically or to initiate protoplast formation, although certain filamentous fungi do produce aberrant wall structures in the presence of griseofulvin (Brian, 1960) .
A number of antibiotics exhibit sharp selectivity between bacteria and fungi. For instance, the broad-spectrum antibiotics, chloramphenicol (McLean et al., 1949) and chlortetracycline (Huppert, MacPherson, and Cazin, 1953) , are inactive against fungi; conversely, the polyene antifungal antibiotics do not inhibit bacterial growth (Brown and Hazen, 1957) . The wall structures of all bacteria that have been examined appear to be characterized by muramic acidpeptide units (Salton, 1960) , whereas fungal walls contain large amounts of polysaccharide and hexosamine polymers (Eddy, 1958) . This major difference in wall composition may cause differences in accessibility of the protoplasm of these organisms to the antibiotics, particularly since it is known that penicillin is not bound by yeast (Maass and Johnson, 1949) or the polyenes by bacteria (Lampen et al., 1959) .
In the present study, the effect of a series of antibiotics on the growth and morphology of bacterial (Streptococcus faecalis) and fungal (Saccharomyces cerevisiae) protoplasts and of the respective intact organisms was compared.
MATERIALS AND METHO1)S Preparation of protoplasts of S. faecalis. Protoplasts of S. faecalis (ATCC 9790) were prepared by lysozyme digestion, as previously described (Shockman et al., 1961a) . Log-phase cells, 1.2 to 1.5 mg (dry wt) per ml, were aseptically incubated with 10 ,ug per ml of lysozyme (Worthington Biochemical Corp., Freehold, N.J.) in 0.05 M sodium phosphate buffer (pH 6.5) and 0.5 M sucrose. Lysozyme digestion was allowed to proceed at 37 C until protoplast formation was completed (about 2 hr). Maximal osmotic sensitivity was reached when only 2 to 3%, of the initial turbidity of the cell suspension remained after dilution (1:6) with water. To be certain that protoplast formation had been completed, the cell suspensions and lysates were inspected by means of phase-contrast microscopy.
Growth of S. faecalis protoplasts. The protoplasts were placed in a highly buffered synthetic growth medium (Shockman, Kolb, and Toennies, 1958) containing 0.5 M sucrose, to give 0.08 mg (dry wt) per ml (approximately 2 X 108 cells per ml). In the absence of an effective inhibitor, the protoplasts grew; that is, an increase in both the volume of individual protoplasts and the turbidity of the suspensions was observed (Fig.  1 , top curve; see also Weibull and Beckman, 1960) . Growth continued until approximately a fivefold increase in turbidity had been reached, and then the protoplasts began to lyse.
Streptococcal forms were present in extremely small numbers in these protoplast preparations, and streptococcal growth was not observed by microscopic examination until after most of the protoplasts had lysed (24 to 48 hr after inoculation, as compared with 5 to 10 hr for maximal growth of the protoplasts). In the presence of an inhibitor of cell-wall synthesis, such as penicillin, outgrowth of the few bacterial forms present failed to occur even after prolonged incubation. In fact, penicillin could be used to prevent the growth of bacterial forms and, as shown in Table 1 , did not alter the effectiveness of streptomycin. There is no evidence that protoplasts of S. faecalis can either divide or revert to the streptococcal form.
Since the protoplast-growth system requires the use of a relatively large inoculum, most of the antibacterial agents were tested for their activity against the streptococcal form using comparable conditions of cell age, culture medium, and inoculum size.
Preparation of yeast protoplasts. S. cerevisiae strain LK2G12 was used throughout. The procedure for obtaining log-phase cells and protoplasts was that of Islam and Lampen (1962) . Log-phase cells were incubated aseptically with a snail-enzyme preparation in 0.6 M KC] containing 0.005 M MgCl2 and 0.02 M potassium phosphate buffer (pH 6.0). The resulting osmotically sensitive forms are provisionally considered as protoplasts. Eddy and Williamson (1959) and Holter and Ottolenghi (1960) reported that no residual wall structure is visible. Also, the conditions used were adequate to remove detectable external invertase (Sutton and Lampen, 1962) (Marini, Arnow, and Lampen, 1961) Nwith 0.4 M KC1 also permitted excellent growth.
Inhibitors. The substances listed in Table 1 were tested. Most products were obtained from their manufacturers upon request for the purest material available, free from additives or preservatives. The antifungal agents cycloheximide, nystatin, filipin, pimaricin, candicidin, and griseofulvin were dissolved in dimethyl sulfoxide and diluted in sterile water. Streptimidone was dissolved in sterile 0.2 M sodium phosphate buffer (pH 6.0). All other antibiotics were dissolved in sterile water and diluted appropriately for ad-(lition to the protoplast-growth tubes. When salts w-ere used, the concentrations given refer to the anrtimicrobial agent itself.
RESULTS AND DISCUSSION
Growth of S. faecalis protoplasts. Except for the inhibitors of bacterial cell wall synthesis (penicillin and cycloserine), all of the antibacterial agents were effective in inhibiting protoplast growth in the range of concentrations that was effective against the streptococci (Table 1) .
Novobiocin has been characterized as an inhibitor of bacterial cell wall synthesis (Strominger and Threnn, 1959) . However, in our experiments, novobiocin in relatively low concentration was equally inhibitory to both protoplasts and streptococci. We have taken this to indicate that the primary point of attack of novobiocin cannot be bacterial cell wall synthesis per se, but must be a reaction(s) that is at least equally important to the growth of protoplasts. An effect on cell permeability such as that described by Brock and Brock (1959) could easily lead to an indirect inhibition of cell-wall synthesis. Experiments on the effects of inhibitors on cell-wall synthesis, using a previously described "wall medium" (Shockman, 1959; Shockman et al., 1961b) , indicate that novobiocin gives only slight inhibition of wall synthesis at relatively high concentrations (i.e., 300 ,g/ml). Under similar conditions, penicillin and cycloserine completely inhibit the synthesis of new wall substance (Shockman, 1959) , whereas streptomycin and chloramphenicol are without effect.
The medium used to grow the cells and protoplasts contained a high concentration of salts, particularly phosphate buffer (0.2 M). High salt concentrations are known to increase the required inhibitory concentration of some antibiotics. Thus, it should be noted that relatively large amounts of two antibacterial agents, streptomycin and kanamycin, were required for inhibition of S. faecalis but that the protoplasts were relatively more susceptible than were the streptococcal forms. Similar low activity against Escherichia coli in the presence of high salt concentration was observed with the related antibiotic, neomycin.
The two antifungal agents, nystatin and cycloheximide, were not tested on the bacterial forms, since there is sufficient evidence that they are not active against bacteria. Growth of S. faecalis protoplasts was not inhibited by the highest concentrations of these antibiotics that we were able to test in this system, indicating that the removal of the bacterial cell wall of this organism does not confer susceptibility to these agents.
Other experiments, which will not be reported in detail, demonstrated the lack of sensitivity of Bacillus megaterium protoplasts (prepared as . Their absence with the bacterial protoplasts indicates a lack of the appropriate target sites (perhaps membrane sites for polyene binding). Yeast protoplast growth. The sensitivity of yeast protoplasts to the various antibiotics was essentially identical with that of the intact logphase cells (Table 1) . Thus, the polyenes nystatin, filipin, pimaricin, and candicidin were effective inhibitors of protoplast growth, with relative activities similar to those for intact cells. These antibiotics appear to act directly on the protoplast. Griseofulvin and the entire group of antibacterial agents were inactive at 100 ,g per ml.
One may conclude that the yeast wall has no important protective role in relation to these antibiotics.
Absence of yeast protoplast formation. The inhibitory action of various antifungal agents was studied in the absence and presence of a protective osmotic medium to determine whether fragile forms were produced. Stationary-phase cells of strain LK2G12 were inoculated to an optical density (OD) of 0.08 into modified Vogel N medium (Marini et al., 1961) , either unsupplemented or with 0.4 M KCl. After 2 to 3 hr, the ,,-)I pimaricin (3, 10) , and N-acetylcandidin (2, 60), the peptides valinomvcin (2, 60) and eulicin (2, 60), the glutarimides cycloheximide (3, 10) and streptimidone (0.8, 2.5), clavacin (60), and thiolutin (2, 60). The lowest level of each produced partial inhibition of growth. Osmotically fragile forms were not produced and KCI did not protect against inhibition, supporting the contention that these antifungal antibiotics exert their major action on the l)rotoplast.
